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A SYSTEMIC MODEL FOR NERVE TRANSMISSION 
AND MEMORY 
S. TAUBER 
Department of Mathematics, Portland State University, Portland, OR 97207, U.S.A. 
Abstract--Starting from the notions of standing waves and resonance, a model for the working of nerve 
transmission and a chemical signal code for the transmission and registration of data is established. This 
model could equally explain some aspects of the memory phenomenon from a purely chemical point of 
view. 
1. INTRODUCTION 
It would be an ideal situation if what is to follow in this paper could be stated as a reality, and 
be considered as the experimentally verified truth. This is clearly not the case. What we are trying 
to do is to build a model that could explain the working of the nervous ystem as it exists or could 
exist. In short we are trying to synthesize a nervous ystem instead of analyzing it. In particular, 
we give a possibly acceptable xplanation for the working of the memory of a sense organ and 
a transmission code for data information. 
We start from the following assumptions: 
(i) A sense organ transmits information through a set of neurons to a nerve center. 
(ii) The transmission of the information through the set of neurons has two basic 
effects: 
(I) It forms a set of two chemical substances, ay [A, B] along the neurons. 
Of these two substances, A corresponds to an increase and B corresponds 
to a decrease in the intensity of the information transmitted. A + B = C 
is neutral to the information transmitted. 
(II) It creates a low speed electric current, a current comparable to ordinary 
electric currents, variable in voltage and intensity and periodic in its 
variations. 
2. KUNDT'S  TUBE 
A classical acoustical experiment is performed in the, so-called, Kundt's tube where mechanical 
vibrations produced at one end of the tube are transmitted to the air in the tube. The vibrations 
travel along the tube until they reach the other end of the tube where they are reflected. The incident 
and reflected vibration combine together to produce a system of standing (or stationary) waves in 
the tube. The tube is kept horizontal and has a light powder spread in its lower part. Under the 
effect of the vibrations the powder accumulates wherever the air movement is at a minimum, i.e. 
at the antinodes. By measuring the distance between successive accumulations of powder, i.e. 
between successive antinodes, the half wavelength 2/2 of the vibrations in the tube is determined. 
We chose Kundt's tube for the introduction of standing waves because it fits into the model we 
introduce in the next section. 
3. STANDING WAVES IN A CHAIN OF NEURONS 
We consider a chain of neurons N = [NI, N2 . . . . .  Am] joining a given sense organ, say S to a 
given nerve center, say C. Let v be the velocity of the slow electric urrent introduced in Section 1. 
The current is periodic, we call J0 its maximum intensity. Let J be the intensity at the time t, then 
J = J ( t )  = Jocp(t), 
where ~p(t) is a periodic function of period T. 
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An input of maximum intensity I is transmitted from S to C. I is first of all transmitted through 
the neuron Nl. It arrives at the end of Art where part of it is transmitted into N2, while the rest 
is reflected back into N~. Let p~ be the fraction transmitted, i.e. p~ I is the intensity transmitted and 
(1 -p j ) I  is the intensity reflected back into N~. The reflected part will combine with the incident 
current, and produce in N~ a system of standing waves. The part transmitted into N2, of maximum 
intensity p~/, will travel through N:, and arriving at the end of N2 will be divided into two 
parts. The part of maximum intensity p2Pl! will be transmitted into N3, the part (1-p2)pt I  
will be reflected back into N2, travel back, reach the origin of N2, be divided into two parts: 
(1 -P2)P~ I will return into N~ to combine with I going foreward, and (1 -P2)p~I will return into 
N~ to combine with I going forward, and (1 -p~ )I going backward, and producing a standing wave 
in N~, and so on in all the Nk, k = I, 2 , . . . ,  n. The problem can be somewhat simplified by 
assuming that the coefficients Pk are not much smaller than 1, so that (1 -pk)  2 can already be 
neglected. 
The original incident maximum intensity by the time it reaches Nn will have a maximum intensity 
PI, where 
P= ~ pro< 1. 
m=l  
In every one of the neurons Nk there will be a system of standing waves produced by incident and 
reflected electrical vibration. 
4. A PR INCIPLE  OF DUAL ITY  
We operate by analogy: in physics de Broglie stated the equivalence of the movement of a 
corpuscle and the associated wave motion. Similarly, in mathematics we often associate to a given 
space a dual space. From a systemic point of view we can state the correspondence of (i) the slow 
electric current ransmitted by the neurons Ark for a given input from a sense organ S and (ii) the 
presence, formation or input of a pair of chemical substances [A, B]. We state, thus, that each is 
dual of the other, or each can cause the other to appear. 
From a systemic point of view it is at this time immaterial how a given current will produce a 
given pair [A, B], and vice versa; although this question may be important from other points of 
view. The nodes and antinodes of the standing waves of the current will produce more or less of 
the substances [A, B] involved. 
Clearly, a coding problem appears for the current and the pair [A, B] unless we assume that each 
nerve can transmit one, and only one, kind of input. 
In what follows we shall consider the coding problem from the chemical side only. 
5. CHEMOGRAPHIC  MEMORY 
As assumed, the standing waves in Ark will cause the production of the pair [A, B] which 
will pass through the walls of the neuron and act on the spinal sheath (Schwann cell) about 
the neuron. The impression could be compared to the impression of a photographic film by 
lights. This impression could be called chemographic, and be considered as a metastable 
reaction that would fade out with time. This could explain the spiral form, i.e. large surface 
structure of the Schwann cells. The impression would be the actual memory of the input under 
consideration. 
Another effect would be the presence of the pair [A, B] about he dendrites, which would actually 
regulate the transmission of the input from Ark to a very well defined Ark +1 rather than any other, 
since Ark is connected to several other neurons. In other words, the pair [A, B] would be its own 
traffic regulator and, as such, would determine the values of the coefficients Pk. This would justify 
the rather complex way in which an input passes from Ark to N~+~. 
It seems logical to assume that the greatest part of the memory is located within the nerve center, 
i.e. the part of the chain N away from the S, i.e. the Arms for which m is close to n. This would 
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mean that for m0 < m, where m0 is a given positive integer, Pm< Pm+ i, and that p,_ t - P, would 
increase as m approaches n.
If through a different nerve circuit or some other not yet mentioned effect an input reached the 
chemographic memory then, according to the principle stated, [A, B] would be produced by the 
chemograph which in turn would produce the corresponding current, i.e. the corresponding 
vibrations. 
Such an activation could come from the inside or the outside of the system. The outside 
activation can easily be conceived through the different interconnections. A purely inner activation, 
will need a deeper analysis, and probably the introduction of a new element of activation. 
The metastability of a chemograph representing the memory will depend on the constitution of 
the Schwann cell, and will depend on the constitution of the individual and on the location of the 
neuronic hain. 
6. MULT IPLE  INPUT 
Different inputs will produce different systems of standing waves, which in turn would produce 
different pairs of substances [At, BI], [A2, B2], • . . ,  producing different chemographs. We shall see 
in the next section that two or several of these pairs can combine to form more complex pairs. 
The reaction is possible before the reaction producing a chemograph. 
7. CHEMICAL  STRUCTURE OF A AND B 
We base our reasoning on the principle of the simplest possible structure, chemically speaking. 
Consider the two chemical bivalent radicals P and Q, and the two monovalent radicals R and S. 
Assume that any one of the substances A is a compound of the form R---CnS, where C is a straight 
chain of radicals P and Q in a given order. For example, R---P---Q--P--P--Q---S containing five 
radicals between R and S. 
Similarly, for B we assume a structure of the form R--I)---S, where D is straight chain made 
up of two radicals, T and U. The B corresponding to the A given as an example would 
be R - -TnU- -T - -T - -U~S.  The different radicals would have the following properties: 
(i) R--S would be a neutral substance. 
(ii) ~T  and ~U would be neutral substances. 
(iii) R---CI--S and R---C2--S can under certain conditions "add" so as to give either 
P- -C I - -S  + R--C2--S ~ R"-CI - -C2--S + R- -S  
or 
R--CI--S + R--C2--S --, R--C2---CI--S + R--S, 
where C~ and C2 are two distinct chains, and similarly for the corresponding B 
compounds. 
(iv) R---C--S + R--D--S --, n ~T  + n Q--~-'~U + 2 R--S, 
where C and D are the same structurally speaking. 
It is clearly seen that under these conditions there is a binary code established for the chemical 
part of the input transmitted by the nerve chain N; n is clearly the number of elements of the chains 
C and D. 
The binary code is the simplest one. It could be there is a more complex system involved. A 
ternary system, still linear, would be of the form R---C--S, where C would be a chain of three 
radicals, say PI, P2, P3, for A, and R--I)---S, where D would be a chain of the three radicals 
T~, T2, T3, and the radicals would have the following chemical properties 
(i) R--S would be a neutral substance. 
(ii) Pt---TI, P2--T2 and P3=T3 would be neutral substances. 
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(iii) CI and C2, being two chains, and DI and D2, the corresponding chains for Bs, 
then under certain conditions the following reactions could occur: 
R--CI--S + R--C2--S ~ R--CI--C2--S + R--S, 
R--CI--S + R---C2--S ~ R--C2--CjmS + R--S, 
R--DI- -S + R--D2--S --* R--D1--D2--S + R--S 
and 
R--DI- -S + R--D2--S -~ R--D2--DI--S + R--S. 
(iv) Let n be the number of radicals in C and D then 
R- -C- -S + R- -D- -S  ~ n~ PI--TI + n2P~T2 + n3 P3=T3 + 2R--S, 
where na, n2 and n 3 are the numbers of PI and T) in C and D, P2 and T2 in C 
and D and P3 and T 3 in C and D, and nt + n2 + n3 = n. 
A generalization from the ternary to the kary code is immediate. The codes o far considered could 
be called linear codes. Consider next a plane code still binary. 
Assume that P, Q, T and U are tdvalent and R and S bivalent, then a structure shuch as 
R - -P - -Q- -P - -Q  R- -T - -U - -T - -U  
[ [ [ I [ and I I I I I 
P - -Q- -P - -P - -S  T - -U- -T - -T - -S  
would be an dement of a plane binary code. More general systems of codes could be considered. 
It would not be difficult to conceive a code for the electrical part of the dual system once the 
chemical part has been determined. 
8. PRINCIPLE OF RECIPROCITY 
Once an input, simple or complex, has established a memory in the form of a chemograph that 
will be fading with time, usually rather slowly, this chemograph in turn under an external effect 
will regenerate he pair [A, B], and this will regenerate he corresponding current in the nerve chain 
N. The effect called external is in fact external to the system under consideration but it can be inside 
the organism to which N belongs. It could be induced from another chain through the multiple 
dendrite connections, or it could be induced to act on its own after receiving an order from 
somewhere else, an effect which at this time we cannot analyze. What we have explained here can 
be stated as a principle of reciprocity: 
input~current, [A, B]-~chemograph 
or 
chemograph-~[A, B] current-~equivalent to input. 
9. CONCLUDING REMARKS 
The model established is clearly based on theoretical speculations, but could explain a number 
of results already known. By (i) refining it, (ii) extending it and (iii) establishing a correspondence 
with experimental results it would open further research lines. 
